The lichen flora of high ground in the west of Ireland is described by reference to four localities (Brandon Mountain, Muckanaght, Ben Bulben, Slieve League). These were selected on the basis of their reputation for calcicolous alpine vascular plants and for being some of the most highly oceanic mountains in Europe. The montane element in the lichen flora is strictly limited, populations being small and isolated, although sub-montane species are more frequent. A small group of 44 species has been identified, which is 30% fewer than is found in either the Lake District or Snowdonia; their distribution and ecology are described. The margin of high-level tarns on Brandon Mountain support communities of outstanding importance, including Rinodina fimbriata, new to the British Isles. Seventeen lichens are reported as being new to Ireland. 1996 The British Lichen Society
Introduction
The vascular plant flora of the Irish mountains is strictly limited; it requires considerable application to build up even a modest list (Raven & Walters 1956) . As a consequence they are not often visited by botanists and much of our knowledge of their flora is based on nineteenth century accounts. This situation is even more acute for lichens. Knowles (1929) observed that ' The Irish lichen flora is very poor in alpine species due chiefly to the inferior altitude of our mountains '. Many species have not been seen since their original discovery so their present status is unknown. As knowledge of the lichen flora of high ground in the rest of the British Isles has advanced during recent years, the lack of up-to-date information from Ireland has become increasingly conspicuous, so in early summer 1994 a fortnight was spent surveying mountains in the west of the country.
Sites were selected on their reputation for calcicolous montane vascular plants (Praeger 1934; Raven & Walters 1956 ) as we hoped to discover localities that supported diverse lichen communities such as occur on the mica-schist and limestone hills of Scotland (Gilbert et al. 1982 (Gilbert et al. , 1988 Gilbert & Coppins 1992) . A further objective was to investigate the ecology of the communities as these are among the most highly oceanic mountains in Europe, some rising sheer out of the Atlantic, and they are likely to support unexpected assemblages and species of unusual abundance. The highest summit in Ireland, Carrauntoohil (1041 m) in Kerry, is composed of Old Red Sandstone and has the reputation of being botanically dull (Raven & Walters 1956 ), so was not visited. The second highest point, however, Brandon Mountain (954 m) in west Kerry, is the single most important site for alpine higher plants in the country, so a week was spent exploring its ridges and corries ( Fig. 1) . The other three sites were surveyed by one of us (OLG) . In Connemara the mainly quartzite Twelve Bens range includes Muckanaght (657 m) composed of mica-schist. The high Carboniferous Limestone plateau of Ben Bulben (644 m) in Sligo is famous for certain vascular plants. In the far north, Slieve League (602 m) holds a considerable wealth of alpines associated with narrow bands of impure Dalradian Limestone.
Herbarium material has been deposited at the British Museum (Natural History), London (BM), Edinburgh (E), Dublin (DBN) and in hb. A. M. Fryday and hb. O. L. Gilbert.
Climate
The mountains selected for study all stand on or close to the coast so are exposed to strong westerly winds that carry warmth from the Gulf Stream. The following climatic data are taken from Page (1982) and Webb & Scannell (1983) .
The February mean daily minimum temperature (corrected to sea-level) is 3·5 C, which is milder than any part of Britain except for the western half of Cornwall and the Pembrokeshire peninsulas. The July mean daily maximum (corrected to sea level) is 17-18 C; only north-west Scotland is cooler. The difference between the mean monthly temperature of the warmest and coldest month is 8 C; this very low figure indicates extreme oceanicity. Annual rainfall in the hills is in the range 1700-3200 mm, but for lichens its frequency and distribution is more important than the total amount. The number of wet days (>1 mm rain) exceeds 240, which is high. Figures for snow cover are not available but local inhabitants report that the hills are seldom snow-capped for more than 2 or 3 weeks through the winter. There are no late snow patches. Frosts are rarely severe and do not last long. The climate therefore is highly oceanic, being characterized by mild winters and cool summers, frequent and often strong winds, a low incidence of frost and snow, heavy rainfall, and a very high number of rain days throughout the year. This combination of temperature and oceanity is not duplicated in Britain.
Previous Work
Brandon Mountain has attracted the attention of several lichenologists; their more noteworthy records are included in Knowles (1929 (Alexander et al. 1989) , acid sites on Muckanaght yielding Lecidea phaeops, Micarea lithinella and Placopsis gelida. The 10 10 km grid square that contains Muckanaght is one of the most thoroughly worked in Ireland with 445 species recorded. The Ben Bulben area has also been quite well covered, first by Knowles (1929) and W. Watson (Porter 1948) , and then by the BLS in 1987 (Alexander et al. 1989) . Activity has concentrated on the spectacular north-facing limestone amphitheatre of Annacoona, which is a notable site for rare higher plants. It has yielded a rich lichen flora, the most outstanding species being Lempholemma radiatum reported by Watson (but see later). Mapping card records suggest that Slieve League in Donegal has not previously been visited by lichenologists.
The Flora Brandon Mountain, Kerry
Brandon Mountain lies on the Atlantic coast at the extreme south-west tip of Ireland. It is a complex mountain, comprising several summits, sharp ridges and a series of magnificent corries; it is the second highest mountain in Ireland (954 m). The heavily glaciated eastern corrie, which contains a lichenologically important chain of high-level tarns, is the richest site for alpine vascular plants in Ireland with, among other species, Alchemilla alpia, Poa alpina, Polygonum viviparum, Thalictrum alpinum and many species of Saxifraga (Praeger 1934 The corrie on the other side of Connar's pass contains Lough Avoonane (01/4608), which is larger and provides a slightly different range of habitats; for example, the back wall is a 150 m high cliff furnished with overhangs and a waterfall. The overhangs support Caloplaca obliterans, Chromatochlamys muscorum var. octospora, Enterographa hutchinsiae and Verrucaria fusconigrescens, while wet rocks near the waterfall produced a few thalli of Collema glebulentum, Koerberiella wimmeriana and patches of Porpidia glaucophaea. Large boulders litter the floor of the corrie; a number of these contain calcareous seams that supported species not encountered elsewhere, such as Petractis clausa, Polyblastia albida, Protoblastenia rupestris, Thelidium incavatum and Verrucaria pinguicula. These were the most base-rich rocks encountered on Brandon. Other notable features of the corrie are the regular occurrence of the normally corticolous Thelotrema lepadinum on slightly sheltered faces and the presence of Halecania spodomela.
The ridges and summit of Brandon Mountain (01/41) were found to be uniformly acid. Heavy grazing by sheep has restricted terricolous lichens to the vicinity of outcrops, where ledges and crevices yielded small amounts of Cladonia bellidiflora, C. cryptochlorophaea, Coelocaulon aculeatum and Micarea leprosula. Determined collecting from saxicolous sites eventually revealed a small element of montane species such as Aspicilia epiglypta, Catillaria contristans, Lecidea lactea, L. paupercula, Miriquidica complanata, Porpidia contraponenda (on pebbles in the summit turf), Rhizocarpon aff. hochstetteri (the correct name for which may be R. colludens), Tephromela aglaea and Umbilicaria cylindrica. The Rhizocarpon is a common species in the mountains of Scotland; it differs from R. hochstetteri in its longer spores (26-24 m) and blue, not brown, epithecium. Wind-exposed rocks on the west ridge had vertical faces that were locally covered with swards of Usnea flammea. Despite several of the above species being new or the first modern records for Ireland, the montane element in the lichen flora of the summit area is only poorly developed and contains few large or conspicuous species. No habitat suitable for Solorina crocea was encountered. Unfortunately, neither the herbarium label (BM) nor the announcement of its discovery (Carrol 1865) give any indication of its location on the mountain. There is a second nineteenth century specimen at Edinburgh in the W. L. Lindsay Herbarium labelled ' Durk Head, Taylor ', but the locality, thought to be in South Kerry, has not been traced.
A cliff-girt valley penetrates into the heart of the east flank of Brandon. Its floor rises in a series of steps and on each rocky shelf there sit one or two irregular tarns that form a chain linked by swift-flowing streams and water slides. Their height extends from Lough Cruttia (244 m) and Lough na Lachen (410 m) to the topmost unnamed lakes at 700 m where Myriophyllum alterniflorum and Isoetes lacustris reach their altitudinal limit in Ireland. This chain of deep-watered, stream-fed, upland glacial lakes is the outstanding lichen habitat on Brandon, especially those lakes lying between 460 and 540 m (Fig. 2) . Much time was spent collecting from their shores, which bore many resemblances to those of Brown Cove Tarn on Helvellyn in the English Lake District (Gilbert & Giavarini 1992 ). The lichen flora shows a clear zonation from submerged communities, through a lower and an upper splash zone to non-fluvial, species-poor, terrestrial assemblages. The littoral communities are unusual for the area in containing a large number of basiphilous and/or cyanophilous lichens. The basins appear to act as receiving sites where the meagre calcicolous influences of the mountain become concentrated. A further singular feature is the presence of a large number of species that are normally epiphytic (see below).
The submerged community is concentrated on the larger boulders, the underwater parts of which carry extensive colonies of Dermatocarpon luridum; gaps between the exuberant thalli are occupied by Ephebe lanata, Hymenelia lacustris, Staurothele fissa, Verrucaria aquatilis, V. hydrela, V. margacea and V. rheitrophila. Pebbles and small stones in the shallows are mostly bare of lichens except for Porina guentherii (including var. lucens), which more properly belong to the next zone.
The lower splash zone is rendered spectacular by the abundance of large foliose lichens such as Degelia atlantica, Nephroma laevigatum, N. tangeriense, Leptogium burgessii and Pseudocyphellaria intricata, which colonize the vertical sides of boulders projecting from the water, whereas on horizontal surfaces Dermatocarpon intestiniforme and D. meiophyllizum are conspicuous. The flat tops of boulders surrounded by water also support a range of yellow foliose/squamulose lichens that include Lecanora achariana (two lakes), Parmelia conspersa and P. sinuosa. Smaller species present within this zone are Amygdalaria pelobotryon, Catapyrenium lachneum, Collema crispum, Ephebe lanata, Lauderlindsaya acroglypta, Normandina pulchella, Polychidium muscicola and Pyrenopsis subareolata. A dark crust proved to be Rinodina fimbriata Körber, new to the British Isles. It has a scattered distribution on semi-inundated rocks in Europe and can be recognized by its innate apothecia and large spores (Mayrhofer & Poelt 1979) .
In the upper splash zone, defined as the level at which Ephebe lanata starts to decline, there is a slight shift to more acidophilous species, although certain cyanobacterial lichens such as Leptogium britannicum, L. cyanescens and The species list could undoubtedly be extended had there been time to survey all ten lakes in the chain, although it appeared that those at the highest and lowest altitudes are the least rich. The series represents a very diverse and complex habitat that would benefit from a full ecological survey including an investigation of water chemistry.
Annacoona, Ben Bulben, Sligo
Ben Bulben is a vast dissected plateau of Carboniferous limestone. Rising to 610 m, it is bounded by extensive escarpments on which many alpine plants are found, several occurring nowhere else in Ireland. The largest concentration of montane plants, including Dryas octopetala, Saxifraga aizoides, S. nivalis and Silene acaulis is associated with a huge north-east-facing amphitheatre known as Annacoona (13/7247), which lies at the head of Gleniff (Fig. 3) . The site is relatively well studied by lichenologists who have reported a rich flora (Porter 1948; Alexander et al. 1989) . The visit confirmed this, adding 20 species to the site list, including the second Irish record of Lempholemma cladodes, which is widespread on damp limestone near the base of the cliff.
The main cliff is carved in massive, poorly bedded, reef limestones while at the top a well-bedded, pale-coloured, highly fossiliferous, cherty limestone that weathers to produce abundant ledges is present. They support very different communities. The rock at the base of the cliff is very wet and largely coated with a dark crust of cyanobacteria; lichen cover is only about 5%. The most frequent species is Gyalecta jenensis supported by Lempholemma botryosum, Opegrapha saxatilis auct., Petractis clausa, Placynthium nigrum, Protoblastenia rupestris, Toninia verrucarioides and many pyrenocarpous lichens, including Polyblastia albida, Thelidium decipiens, T. incavatum and T. papulare. No species of Caloplaca were seen. Terricolous lichens, with the exception of Cladonia pocillum, are also poorly developed under the wet, shady conditions although small amounts of Agonimia tristicula, Catapyrenium lachneum, Pannaria pezizoides, Psora lurida, Solorina saccata and Toninia sedifolia are present.
Communities on the well-lit, exposed, dry limestone at the top of the cliff are similar to those described by McCarthy (1983) (Alexander et al. 1989) . 
Muckanaght and Benbrack, The Twelve Bens, Connemara
The Twelve Bens are a compact group of quartzite hills, an exception being Muckanaght which is mica-schist; there are also occasional seams of marble, which are exposed on Benbrack. All the rocks are of Dalradian (PreCambrian) age. The slopes of Muckanaght are grassy and its north-east facing mica-schist cliff (02/771541) is a well-known site for arctic-alpines such as Oxyria digyna, Polysticum lonchites, Saxifraga oppositifolia, Saussurea alpina and Thalictrum alpinum (Well & Scannell 1983; Roden 1986 ).
The cliff on Muckernaght lies at 550-575 m. It comprises a series of low (3-5 m) faces separated by broad, sloping, peat-covered ledges from which water drains continually so that the rock is extremely wet, dirty and unsuitable for lichens. The only site where lichens are sufficiently abundant to form commuities are under overhangs and even there they are poorly developed. Some small exposures of a hard, impure, metamorphosed limestone outcrop on wet, grassy slopes at 400 m on the west side of Benbrack (02/761558). Their lichen flora is rather similar to that of the Muckanaght mica-schist cliff, 2 km to the south. Additional species include Gyalideopsis scotica, Hymenelia prevostii, Lecidella carpathica and Verrucaria pinguicula. The main reason for visiting this remote outcrop was on the off-chance that Benbrack was the unlocalized Ben Brecht from where an enigmatic record of Fulgensia bracteata was made last century (see Gilbert 1978) . It appeared not to be present.
Slieve League, Donegal
Slieve League, which rises a sheer 600 m from the Atlantic on the north side of Donegal Bay, is home to a larger selection of montane vascular plants than any area of comparable size in Ireland. These species are concentrated on the north-facing landward side of the mountain where a cirque of rocks encloses a small lake, Lough Agh (13/57). The cliffs are dominated by steeply dipping acidic quartzites, pelites and schists of Dalradian (Pre-Cambrian) age. At one point a narrow band of impure gritty limestone is irregularly exposed for the whole height of the cliff (300-500 m). The general expression of the lichen flora is calcifuge and sub-montane with the major interest confined to sunless north-facing aspects. The botanical rarities, however, are concentrated on the limestone.
Quartzite boulders on the floor of the corrie support a range of species, seen only occasionally on the cliffs, such as Pertusaria lactea, Protoparmelia badia, Tephromela atra, Tremolecia atrata, Sphaerophorus globosus, S. melanocarpus and Fuscidea austera. The last species, new to Ireland, is also frequent on the quartzites of the Northern Highlands of Scotland (Gilbert & Fox 1986 ). The predominantly acid cliffs support a range of common species including Cladonia bellidiflora and Toninia thiopsora, but in addition yielded Pilophorus strumaticus, Polyblastia cruenta, Trapelia mooreana and Trapeliopsis wallrothii. The presence of these species probably reflects a local, slightly basic influence associated with the matrix binding the pelites. Unstable soil on the side of a gully supported an extensive stand of the chrome-yellow fruiting bodies of Omphalina luteovitellina. Rocks on the summit ridge support a low cover of Fuscidea cyathoides, occasional Umbilicaria cylindrica and, associated with bird perches, Parmelia omphalodes.
The limestone is impure, granular and contains lenticles of siliceous material, so its flora include a number of weak calcicoles such as Agonimia tristicula, Amygdalaria pelobotryon, Protoblastenia rupestris and Toninia aromatica. The dominant species of exposed faces are the pyrenocarps Polyblastia cupularis, P. melaspora and P. theleodes. More sheltered niches support Cladonia pocillum, Collema auriforme, Gyalecta jenensis, Gyalideopsis scotica, Opegrapha saxatilis auct., Toninia fusispora and Solorina saccata, often growing among or close to mosses. The soft, deeply weathered surface of one boulder was covered with Gyalidea hyalinescens, a rare upland lichen that has now been recorded four times in Ireland. It is likely that other notable calcicolous montane lichens remain to be discovered on the elusive limestone outcrops of Slieve League.
Comparison with Other Areas
Information on the distribution of lichens in the uplands is still far from complete, but supplementing the survey with records contained in Seaward (1984 Seaward ( , 1994 and Mitchell (1993) the upland lichen flora of high ground in the west of Ireland can be tentatively identified as comprising 44 species (Table 1) of which ten are true montane species. A third have no recent records. Other mountain ranges in the British Isles that are of a comparable size are somewhat richer; for example, the English Lake District has 55 species (Gilbert & Giavarini 1993) and Snowdonia 87 (Pentecost 1987; Gilbert & Giavarini 1993; Fryday 1994a ; plus unpublished records), whereas the lower altitude hills of the Northern Pennines support a poorer montane lichen flora of only 41 species.
Mountain ranges in the east of Ireland (Wicklow Mountains; Mountains of Mourne; the Antrim Hills) display the same limited flora despite experiencing a less oceanic climate. A number of species present in the west are absent but in compensation there are old records of Baeomyces placophyllus, Lecanora epibryon, Lecidoma demissum, Protothelinella corrosa and Stereocaulon saxatile (Seaward 1984 (Seaward , 1994 . By comparison, the richest individual sites in the Scottish Highlands exceed in interest the entire montane lichen flora of Ireland.
It is suggested that the reason for the relative paucity of the lichen flora is the absence of genuinely alpine conditions. Very few hills exceed 915 m (3000 ft) and these are situated in the South-West, which experiences the mildest of climates. As a consequence, habitat stress associated with frozen conditions, a short growing season and long snow lie is not experienced and the mountain top vegetation grows quite luxuriantly, even at sites exposed to strong winds. This provides few niches suitable for terricolous lichen vegetation, which is very poorly developed when compared to similar terrain in the English Lake District or Scotland. Heavy grazing by sheep also discourages the development of terricolous lichen communities.
The development of a rich saxicolous flora is impeded by the local geology, the rock of the highest areas being predominantly a coarse-grained sandstone that is not a favourable substratum for the development of a diverse lichen flora. It is poor in nutrients and consequently only the less demanding species are able to establish; also it weathers evenly, producing uniform surfaces that lack the micro-habitats present on other, less homogeneous, rock types such as schists. Interesting saxicolous lichens are present but they are very scattered and to find them it is necessary to search out unusual habitats and rock formations.
A comparison of Brandon with other major sandstone mountains in the British Isles, such as the Torridonian Sandstone hills of north-west Scotland, reveals a similarly impoverished lichen flora although, interestingly, these mountains also support at least one high-level tarn with exceptional littoral lichen communities (Fryday 1994b) .
A further factor contributing to the depauperate nature of the lichen flora is the high number of wet days. Few lichens, apart from Ephebe lanata, thrive on the dripping north-facing cliffs, which even in the richer areas are coarsegrained and often algal covered. (cf. Seaward 1984 (cf. Seaward , 1994 The lichen flora increases in diversity as one descends the hills. This is not thought to be a result of the well-known phenomenon where upland species descend to sea-level in the west of Britain, but rather because the flora is predominantly composed of sub-montane species that are not dependent upon high altitude conditions. All the truly montane species recorded (Table  1) were seen only at high altitude. This is in marked contrast to the other highly oceanic mountainous area of the British Isles, the Outer Hebrides, where montane species reach their maximum development at moderate altitudes and the high ground is remarkable for its almost total lack of lichens due, presumably, to the adverse effects of extreme exposure (Fryday 1994c) . The increasing richness with decreasing altitude encountered on the Irish hills is also a result of the geological accident that the basic rocks outcrop chiefly on the lower ground, whereas the ridges are composed of less favourable quartzites and coarse sandstones.
T 2. Lichens reported as new to Ireland in this paper
Whereas a low diversity is one character of the Irish montane lichen flora, it has others that to some extent compensate. A number of strongly western species are unusually abundant; these include Coccotrema citrinescens, Fuscidea lygaea, Gyalideopsis scotica, Pertusaria excludens, P. flavicans, Polyblastia melaspora, Porina guentheri and Toninia thiopsora. Notable among the rarer species are Amygdalaria consentiens on Muckanaght, the strongly western Gyalidea hyalinescens (also abundant in the Azores), the large amounts of Lempholemma cladodes at Annacoona and Lecidea paupercula near the summit of Brandon. Saxicolous Thelotrema lepadinum is also a feature of strongly oceanic areas.
It is perhaps unsurprising that the most remarkable habitat discovered in these moisture-saturated mountains is the margin of upland tarns on Brandon; this environment must have been widely and continuously available since the Late Glacial period. The presence of mildly basic rocks in the catchments has been important in countering leaching and maintaining a pH in these basins close to that of the time when the landscape was covered with fresh moraines. It is known, for example, that the history of many mountain tarns has been progressive acidification throughout the Post-glacial period (Pennington 1969) . Under these special conditions a rarely encountered, probably relict community has persisted on those marginal boulders influenced by wave splash. It involves Aspicilia recedens, Collema dichotomum (recorded by Watson 1935), Dermatocarpon intestiniforme, D. leptophyllodes, Lecanora achariana, Nephroma tangeriense, Pseudocyphellaria intricata, Pyrenopsis subareolata, Rinodina fimbriata, Staurothele fissa and many others, including a wide range of cyanobacterial lichens. The community is known elsewhere in the British Isles only at Brown Cove Tarn (580 m) on Helvellyn in the English Lake District, though it was formerly present around Llyn Bodlyn in North Wales before the water level was raised.
The status of many older records remains enigmatic. It had been hoped that Solorina crocea in particular would be rediscovered, as there is a specimen in the Natural History Museum (BM) labelled ' Brandon Mountain, Kerry '. The ecology of the species is well known (Gilbert 1970 ) and Brandon appears to be unsuitable terrain, possessing neither bare windswept ridges nor late snow beds. However, several of the vascular plants for which the mountain is well known were not seen during the week; it would be even easier to overlook a lichen. The records of Umbilicaria arctica and U. hyperborea from Brandon are supported by specimens but their provenance is in doubt. The record of Lempholemma radiatum from Annacoona is also dubious A great deal of ground was covered during our search for montane, lichen-rich, basiphilous sites. Areas where there is still work to be done include the north-east facing cliffs of Brandon above the tarns, and limestone bands high on the north face of Slieve League. Although further surveys will undoubtedly add new species, it is unlikely that the following overall assessment of the lichen flora of high ground in the west of Ireland will alter. Brandon, the second highest mountain, is the richest site for montane lichens in Ireland, but in the context of the British Isles it is of only minor importance. It is comparable to Helvellyn in the English Lake District, is considerably less rich than Snowdon and is considerably exceeded in interest by numerous Scottish hills. The remaining areas, Ben Bulben, Muckanaght and Slieve League, each hold a few notable species but are only of local (county) importance). 
